OST crossbreeding experiments reported have used rams of various breeds in matings to Rambouillet ewes. One of the earliest of these reports was by Miller (1935) who found that crossbred lambs from Rambouillet ewes and Suffolk, Hampshire and Shropshire rams grew faster and had a higher appraised value at 3~ to 4 months of age than Iambs sired by Rambouillet rams. Southdown-and Romneysired lambs were lighter, but the Southdown Iambs had a higher appraised value than the Rambouillet sired lambs. Shropshire and Southdown rams sired lambs of highly desirable carcass quality, but the Suffolk and Hampshire rams sired the fastest growing lambs that had the highest appraised value. Hultz et al. (1935) used rams of six different breeds on range ewes. The lambs sired by Suffolk rams grew fastest, followed by Hampshire, Lincoln, Rambouillet, Corriedale and Southdown sired lambs, in that order. Lambs from Rambouillet ewes and Columbia rams were heavier than those sired by Corriedale, Lincoln, or Romney rams at 140 clays of age, according to Gorman et al. (1942) . The ewes bred to Lincoln rams had the highest productivity followed by those bred to Corriedale, Romney and Columbia rams, in that order. This difference in productivity was due largely to a difference in survival of the lambs. Horlacker (1933) observed that Ryeland X Cheviot lambs weighed 10 pounds more than purebred Cheviot lambs at 84 days of age. This difference was attributed to differences in breed size, heterosis, and the fact that more of the purebred lambs were twins.
become popular among Northern Minnesota sheepmen. It was desirable to compare the performance of these ewes with the mutton breeds and to determine what breed rams crossed most successfully with these Rombouillet ewes, under northern Minnesota conditions.
Experimental
This study reports 1295 matings made at the four University branch stations during the years 1942-47. Seven hundred forty of these were purebred matings of the Shropshire, Hampshire, and Columbia breeds. Five hundred fifty-five crossbred matings were made, involving 17 different combinations. Shropshire ewes were mated to Columbia, Oxford, Targhee, Hampshire, and Border Leicester rams. Some of the Hampshire ewes were mated to Oxford rams and a few Oxford ewes were mated to Shropshire rams. The Columbia ewes were mated to Hampshire, Suffolk, Shropshire and Targhee rams and the Grade Rambouillet ewes were bred to Oxford, Shropshire, Hampshire, Cheviot, Columbia and Border Leicester rams. The Rambouillet ewes were grade Montana ewes of the type commonly called western White-faced ewes, that clip fine and half-blood fleeces. The purebred Shropshire flock at each station was used as a basis for comparison since all stations had Shropshire flocks. These flocks had all been bred for performance a number of years before crossing began. Comparisons were made with other purebreds when available, and with the various crosses. It was not possible to make comparisons between all breeds used in crossing and purebreds of that breed. Conditions varied between the four stations. Environment, feeding, lambing dates, and scoring varied to the extent that comparisons between stations cannot be made, hence direct comparisons are made only between matings at each station for each year. Productivity was calculated according to Winters et al. (1946) as follows:
100Xlb.Lamb+ (Lb.greasewoolX3.4) Productivity per 100 lb. ewe~
Weight of ewe The lambs were weighed at birth and at 140 days of age. Wool was corrected by the factor 3.4, because it was found that over an 18-year period, a pound of wool sold for 3.4 times as much on the Boston wool market as a pound of lamb at South St. Paul. The ewe weight is an average of two weights taken on November 1st and June 1st each production year. Average productivity is production of all ewes bred, whether they lambed or not.
All lambs were given a numerical score when they were weighed at 140 days of age. This score ranged from 1 to 5, with 1 being top market grade and 5 being a cull. Table 1 is a comparison of all purebred matings with crossbred matings for the Columbia, Shropshire, and Hampshire. When used for crossing, the ewes produced 12% to 22~o more lamb per 100 pounds of ewe than when lambing purebred lambs. This increase averaged 19% and was due to faster growth rate in the case of the Shropshire crosses and the greater number of crossbred lambs raised per ewe for all crosses. The Columbia and Hampshire ewes had a slightly higher lambing percentage when bred to a ram of another breed. The death loss among the purebreds was greater in all cases; 27.4~o of the purebred lambs born alive did not live to 140 days of age, compared to 19.1% for the crossbred lambs. When total productivity is figured, the ewes had 16% greater productivity when used in crossing, compared to ewes lambing purebred lambs.
Results
The Crossbred Shropshires and Columbia lambs scored higher than the purebreds. For this particular character, the Columbias gained most from crossing. Winters et al. (1946) pointed out that ewes' productivity is increased most when mated to rams of the larger breeds. This point is further born out by the much greater growth rate for the Shropshire crosses compared to no increase in rate of growth for the Columbia and Hampshire crosses. The Columbia and Hampshire crosses were by smaller breeds, yet the lamb weights were as high as the purebreds.
A possible heterosis effect is suggested by the greater number of crossbred lambs born alive per ewe for the Hampshire and Columbia crosses. No figures are available on lambs born dead, but fetal mortality may have been higher for the purebreds. The slightly lower lambing percentage for the Shropshire ewes used in crossing may partially be explained when we note that the average age of the ewes lambing crossbred lambs was only slightly over two years, whereas those lambing purebred lambs averaged almost three years.
The Rambouillet ewe performed very satisfactorily when compared to the Shropshire; especially when mated to Border Leicester rams. This
comparison is shown in table 2. Rambouillet ewes were mostly two-year olds at lambing, whereas the Shropshires were mostly three and fouryear olds. This may explain the difference in lambs born per ewe. In every other respect, the Rambouillet excelled the Shropshire. The Rambouillet ewes sheared 30%, or about 2 pounds, more wool than the Shropshires, although the latter ewes were several pounds heavier. The death rate of the purebred Shropshire lambs was 21%, and for the Rambouillet crosses, 12%. The lambs from the Rambouillet ewes weighed 13 pounds more than the purebred Shropshire lambs at 140 days of age. The Rambouillet lambs scored almost one grade higher on the average than the purebreds. These lambs were larger at birth, more vigorous and better able to take care of themselves than the purebred lambs.
The Rambouillet ewes produced, per 100 pounds, 50% more wool than the Shropshire and 20% more lamb than the Shropshires lambing purebred lambs. The total productivity was 27% more than the Shropshire ewes, even though the fertility was only 78% of the Shropshire. These ewes had less trouble lambing, were not subject to wool blindness and were less likely to be caught by bears than the Shropshire ewes.
A comparison between the different breed rams is shown in table 2. Performance was highest when the Rambouillet ewes were mated to Border Leicester rams. The Columbia, Oxford, and Hampshire were also over 20% heavier than the purebred Shropshire lambs. The Cheviot lambs lacked weight at 140 days, but were all well finished, had excellent livability, and were easy to raise. Of the six different breed rams tried on Rambouillet ewes, the Shropshire ranked sixth. Summary I. Shropshires, Columbias, and Hampshires produced 19% more lamb per I00 Ibs. of ewe when mated to another breed. The average total productivity was 16% more for the ewes used in crossing. The crossbred lambs were heavier and had higher livability than the purebreds. 2. This increase in productivity was likely due to hetero~is and difference in breed size. 3. The Rambouillet ewe was 27% more productive, when used in crossing, than the Shropshire ewe mated to a Shropshire ram. This greater productivity was due to more wool and faster growing lambs. 
